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This paper deals with the stress distribution in a rectilinearly ortho- 
tropic annular disc under internal or external pressure. The stresses are 
determined by the boundary element method, and the results are pre- 
sented for practical cases of large orthotropy. The effect of the annular 
ratio on the stresses has been investigated. 
Keywords : orthotropic, annulus, stress analysis, boundary element 
method 
Fibre-reinforced composites are used in a variety of 
components in engineering design because of their high 
ratio of strength and stiffness to weight. This paper 
deals with the problem of a rectilinearly orthotropic 
annular disc under internal or external pressure. The 
solution for the isotropic annular disc was given by 
Lam&l The stress distribution in an annular plate with 
cylindrical anisotropy has been analysed by Timo- 
shenko.’ Approximate solutions for stress distribution 
in a slightly anisotropic rectilinearly orthotropic 
annular disc under uniform pressure was given by Lekh- 
nitskii.* No exact solutions exist of rectilinearly ortho- 
tropic annular plates subjected to uniform pressure. We 
give the stress distributions in rectilinearly orthotropic 
fibre-reinforced plates with large orthotropy subjected 
to internal or external pressure (Figure I) using the 
boundary element method. 
Mathematical model 
The boundary element method using the Kelvin funda- 
mental solution for plane orthotropic problems was 
given by Rizzo and Shippy.3 The stress-strain relations 
for a rectilinearly orthotropic plate in a state of gener- 
alized plane stress with the axes of orthotropy coincid- 
ing with the coordinate axes are 
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Figure 7 Annular disc under internal and external pressures 
In this study the boundary element formulation of 
Rizzo and Shippy3 with two-noded boundary elements 
is used. Linear piecewise functions are used to inter- 
polate displacements and tractions over each element.4 
The orthotropic parameters of the plates investigated 
are typical for the practical cases of fibre-reinforced 
composite plates5 and for plywood plates2 They are 
listed in Table 1, with the moduli scaled to the value of 
the smaller Young modulus, E,. 
For analysis, one fourth of the inner and outer 
boundaries are discretised into linear elements. Smaller- 
sized elements are used in zones with greater stress gra- 
dients. Convergence studies have revealed that 28 
Tab/e 7 Orthotropic parameters 
Set EJE, G, z/E, v12 Remarks 
1 40 0.5 0.00625 Graphite-epoxy’ 
2 25 0.5 0.01 - 
3 10 113 0.022 Boron-epoxy’ 
4 3 0.6 0.08333 Glass-epoxy5 
5 2 7160 0.0355 Plywood 
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Figure 2 Effect of orthotropy on the maximum circumferential 
stress in an annulus 
elements on the inner boundary and 22 elements on the 
outer are sufftcient to yield accurate converged results. 
To check the validity of our results, we compared the 
results obtained from annular discs with very little 
orthotropy with the isotropic solution and found that 
they agree quite well. Similarly, the results for ortho- \ 
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tropic plates with b/a = 0.05 agree closely with the 
exact analytical solution for an infinite plate with a cir- 
cular opening subjected to equal biaxial tensions. For 
brevity, these comparisons and convergence results are 
not reported here. 
Results and conclusions 
The ratio of the maximum circumferential stress CS~,,,., at 
A (Figure I) to the maximum circumferential stress 
(a,Ji for the isotropic case is plotted in Figure 2 for 
five cases of orthotropy. Observe that the deviation of 
the orthotropic solution from the isotropic one 
decreases with the annular ratio b/a of the disc for both 
cases of applied internal and external pressures. The 
effect of orthotropy is due to the combined effect of 
E,/E, and G,,/E,. The results for the orthotropic set 4 
are close to those for the isotropic case. 
Typical distributions of the circumferential stress rrO 
along the radius AB of the discs with b/a = 0.8 and 0.5 
for the orthotropic set 3 are compared in Figure 3 with 
the distributions for the isotropic case. Observe that 
the stress gradient near the inner radius for the ortho- 
tropic discs is much larger than that for the isotropic 
discs. 
The effect of annular ratio and orthotropy on the dis- 
tribution of circumferential stress c0 at the inner bound- 
ary of a disc under internal pressure is shown in 
Figure 4. Near f3 = 0” the gradient of the stress CJ~ with 
respect to 0 for the orthotropic discs decreases with the 
b/a. This stress distribution is highly nonuniform for the 
orthotropic plates, in contrast to a uniform stress dis- 
tribution with respect to 8 for the isotropic discs. 
The new results presented in this paper are of interest 
in the design of fibre-reinforced composite plates. 
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Figure 3 Circumferential stress distribution along the radius for 0 = 0 for the orthotropic set 3 
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figure 4 Variation of a, with 0 for an annular disc under internal pressure. 
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